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fluid phase lipids. FTIR data indicate that such hydrogen bonds
can form in very dry sugar–lipid systems (approx. 2% H2O or
less); however, it is unclear that they would form in the presence
of residual water of the order of several percent, as is typically
found in dried cells. A second model that has gained support
during the past decade is the Vitrification Hypothesis, which
suggests that the ability of sugars to vitrify, or contribute to the
formation of an amorphous glassy matrix in dehydrated cells,
prevents membrane phase transitions and fusion. Calorimetric
and FTIR data support this hypothesis; however, membrane
stabilization by sugars can be demonstrated even in the absence of
vitrification. A third model, the Hydration Forces Explanation,
describes the role of sugars as osmotic and volumetric spacers that
diminish physical forces that otherwise damage membranes and
other cellular structures in dehydrated systems. These damaging
forces, called hydration forces, arise when hydrophilic surfaces,
such as membranes, are brought into close apposition by
dehydration. Hydration forces can lead to the demixing of
membrane components, lipid transitions to the gel phase, and the
formation of non-lamellar phases in dehydrated membranes. The
presence of sugars between membranes can hinder their close
approach, thus limiting the development of hydration forces and
stabilizing the membranes. Mathematical modeling of the effect
of sugars on hydration forces betweenmembranes is supported by
calorimetric and neutron scattering data. The effect of sugars on
hydration forces is non-specific (i.e., no specific interactions
between certain sugars and lipids need be invoked), quantitative
(i.e., increases progressively until the interlamellar space is
saturated with sugar), and operative over an extensive range of
water contents (water potentials from few to hundreds of MPa
below zero). The three models described above are not mutually
exclusive, and all may contribute to the stability of cells, with their
relative importance depending on the extent of dehydration and
the temperature. In the event that desiccation completely removes
water, hydrogen bonding between sugars and membrane lipids
may occur, as described by theWater Replacement Hypothesis. In
contrast, the thermodynamic model described by the Hydration
Forces Explanation can account for the membrane protection
observed at a wide range of water contents, as sugars can stabilize
membranes and other cellular structures by lessening hydration
forces throughout the dehydration process. Finally, vitrification
can confer additional stability, particularly at the lower water
contents and temperatures that favour glass formation.
doi:10.1016/j.sajb.2007.04.019
Mechanisms of viability loss in dry orthodox seeds and
during imbibition
I. Kranner, H. Chen, S. Birtic, H.W. Pritchard
Seed Conservation Department, Royal Botanic Gardens, Kew,
Wakehurst Place, West Sussex RH17 6TN, United Kingdom
Orthodox seeds are desiccation tolerant, but their longevity in
the desiccated state is not unlimited. Oxidative damage has
previously been correlated with degenerative processes and
death, but how exactly this contributes to viability loss is not
fully understood. Here we report on cellular mechanisms of seed
viability loss. Necrosis is one possible way to cell death, with
random damage to macromolecules. However, we have shown
that seed death in the dry state also includes programmed cell
death (PCD). A hallmark of PCD is the fragmentation of DNA
into intra-nucleosomal fragments of 200 base pairs, and
multiples thereof. We found that such DNA fragmentation
increased during dry ageing (12% moisture content) in Pisum
sativum seeds, using the technique of ‘DNA laddering’. Upon
imbibition of non-viable seeds, the intensity of DNA laddering
increased even more, while no DNA fragments were found in
viable seeds during the first stages of water uptake. Similarly,
RNA integrity was lost during ageing and could not be recovered
in seeds that failed to germinate. We further attempted to relate
the above-described damage to nucleic acids to oxidative stress.
We investigated changes in antioxidant status during seed ageing
and showed in four species subjected to ageing (in orthodox
seeds) or desiccation (in recalcitrant seeds), that seed viability
decreased by 50% when the half-cell reduction potential of
glutathione (EGSSG/2GSH), a major cellular antioxidant and redox
buffer, increased to a zone between −180 and−160mV.We then
conducted a meta-analysis of data representative of 13 plant and
fungal orders to show that plant stress generally becomes lethal
when EGSSG/2GSH exceeds −160 mV. We present a model of
biochemical pathways suggesting that this change in EGSSG/2GSH
is one of the ‘death triggers’ that initiate PCD, finally causing
inter-nucleosomal DNA fragmentation in the final, or execution
phase, of PCD.
doi:10.1016/j.sajb.2007.04.020
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Previous in situ and laboratory investigations on the
poikilochlorophyll monocot Xerophyta scabrida species sug-
gested that water uptake by its desiccated leaves occurs through
the leaf surface as opposed to the ‘petioles’. Otherwise water
uptake via either route has been reported for desiccation
tolerant vascular plants. If water uptake in X. scabrida occurs
exclusively through the leaf surface then its leaf water relations
should restore and the reconstitution of its photosynthetic
system should be complete in the absence of ‘petiolar function’.
To test this, we designed an experiment in which the revival of
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the X. scabrida leaves was investigated with (‘+ petiole’) or
without (‘− petiole’) petiolar involvement. This paper reports
the reconstitution of the photosynthetic system in X. scabrida
on rehydration with the exclusion of the rehydration through
the petioles. Leaves in the ‘+ petiole’ treatment reached
maximum water content in 8 h. The time course of rehydration
in the ‘− petiole’ leaves was identical to that in the ‘+ petiole’
ones. The reconstitution of the photosynthetic apparatus in the
previously desiccated achlorophyllous X. scabrida leaves was
complete in 72 h which was indicated by the values of
photochemical activity, CO2 assimilation, and stomatal con-
ductance. There was no difference in the revival and the
reconstitution of photosynthesis between the two treatments.
That is the ‘petioles’ did not have a role in water uptake which
occurred entirely through the leaf surface. In intact plants root
and xylem transport are a prerequisite for petiolar uptake.
During desiccation, the adventitious roots of X. scabrida die
back and the new ones only develop after the completion of the
revival of the leaves. In X. scabrida the fully functional revived
leaves are a prerequisite for the development of new roots.
There is no xylem function in the rehydrating X. scabrida and
therefore petiolar water uptake can be of no importance for its
revival. If petiolar uptake was of importance then the water
relations and physiological revival could not be completed in
the experimental leaves with their petioles prevented from
taking up water.
doi:10.1016/j.sajb.2007.04.021
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upregulated during desiccation in vegetative tissues of
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Xerophyta humilis is a desiccation tolerant angiosperm
(resurrection plant) able to survive a loss of 95% of its relative
water content and resume biological function upon rehydration.
A small scale microarray analysis, using 424 annotated cDNAs
from a X. humilis cDNA library, identified a novel gene
(HC205) that is upregulated during desiccation. In this study
we aim to characterise the gene and to determine its role in
desiccation tolerance. The Arabidopsis thaliana ortholog of
HC205 identified in a BLAST analysis was annotated as a
glyoxalase I-like family protein. A βαβββ fold was identified
in the HC205 protein sequence. This is a conserved structural
feature of members of the vicinal oxygen chelae (VOC) super
family, which includes the enzyme glyoxalase I. Although
HC205 has low sequence similarity to known glyoxalase I
genes and lacks the regions important for glyoxalase I activity,
we tested its ability to detoxify methylglyoxal. Over-expression
of HC205 conferred tolerance to E. coli only at low
concentration levels of methyglyoxal. In addition, studies
aimed to determine whether HC205 could complement a yeast
glyoxalase I mutant showed that ectopic expression of HC205
is lethal in yeast. A BLASTn search against the TIGR gene
indices database identified six plant HC205 orthologs in
desiccation-sensitive plants. An analysis of representation of
these orthologues in the TIGR EST libraries indicated that
these orthologues were absent from EST libraries derived
from vegetative tissue during abiotic stress but were present in
seed EST libraries of desiccation-sensitive plants. These
findings were confirmed by RT-PCR on desiccation-stressed
vegetative tissues and seed of A. thaliana. In contrast, HC205
mRNA transcripts in X. humilis were shown to increase
significantly in vegetative tissue during desiccation, in
addition to being expressed at high levels in seeds. Western
blot analysis and immunocytochemistry was used to char-
acterise the temporal pattern and localization of HC205
protein during a time course of desiccation and rehydration in
leaves and roots of X. humilis.
doi:10.1016/j.sajb.2007.04.022
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Desiccation tolerance of a dried organism can be inferred
only from tests after rehydration. It is virtually impossible to
test viability in the dried state because dried cells lack
metabolic activity. Under these conditions, the quintessence of
life is restricted to structural organization. Freeze fracturing is
the only available method to study intactness of membranes in
dried cells at high resolution. So far, only desiccation-tolerant
cells have been tested for membrane structural intactness in
the dry state. With the use of high-resolution freeze-fracture
scanning electron microscopy we now show that membrane
structural intactness is maintained in dried human erythrocytes
and other desiccation-sensitive cells. Our present observations
using this technique indicate that, even in desiccation-sensitive
cells, the native membrane structure and random distribution
of IMPs can be maintained with drying without protective
substances. The random IMP distribution indicates that drying
did not cause large scale phase separations. The question
remains whether such dried systems that are apparently intact
on the nanometer scale and therefore ‘structurally organized’
can be considered as still viable. The massive leakage of
solutes from desiccation-sensitive cells with rehydration would
indicate that there is insufficient protection on a molec-
ular scale to allow cells to become rehydrated without loss of
life. A practical implication of this work might be that SEM
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